Abstract-in this paper, we present the step by step knowledge acquisition process by choosing a structured method through using a questionnaire as a knowledge acquisition tool. Here we want to depict the problem domain as, "how to evaluate teacher's performance in higher education through the use of expert system technology". The problem is how to acquire the specific knowledge for a selected problem efficiently and effectively from human experts and to encode it in the suitable computer format. Acquiring knowledge from human experts in the process of Expert Systems development is one of the most common problems cited till yet. This questionnaire was sent to 87 domain experts within all public and private universities of Pakistan. Among them 25 domain experts sent their valuable opinions. Most of the domain experts were highly qualified, well experienced and highly responsible persons. The whole questionnaire was divided into 15 main groups of factors, which were further divided into 99 individual questions. These facts were analyzed further to reach a final shape of the questionnaire. This knowledge acquisition technique may be used as a learning tool for further research work.
INTRODUCTION
Expert systems were developed by Artificial Intelligence community as early as in mid-1960s [14] . These systems are decision making and problem solving tools with the abilities to emulate the reasoning of human expert with in a special subject area [1] . The use and development of the expert systems in various subject areas has been found, like agriculture, chemistry, computer science, engineering, geology, medicine, space technology etc. [3] . The critical component in the development of expert system is the knowledge base [7] . This component consists of human experts' knowledge which is extracted by the knowledge engineers through the process called Knowledge Acquisition. The knowledge acquisition is the accumulation, transfer, and transformation of problem solving expertise from human experts to computer program [14] . Acquiring knowledge from experts is difficult task and has been identified as a bottleneck in expert system development [1, 11, 12, 14, 15] . It is among the most common cited problem in the construction of expert system.
The literature study shows that there exist a number of knowledge acquisition techniques for acquiring knowledge and expertise from domain experts, like interview, questionnaire, observation analysis, case study analysis, protocol analysis etc [1, 6, 11, 12, 15] . Further, the selection of a particular technique is based on the target problem to be solved, availability and accessibility of the human experts, and the knowledge engineers' approach towards the solution. Therefore, the problem should clearly be defined; the availability and accessibility of the domain experts should be ensured, and the knowledge engineers should be capable to select a suitable tool for capturing the expertise from concern sources.
In this paper, we present a step by step process of knowledge acquisition through the use of questionnaire for acquiring knowledge from knowledge sources (human experts) in the selected problem that is "evaluating teachers' performance for maintaining teaching quality in higher education". This research work is limited to the higher education institutions in Pakistan, domain experts were selected from universities in Pakistani, and a questionnaire was used as a tool for capturing knowledge.
II. KNOWLEDGE ACQUISITIONS
Every expert system development begins with the knowledge acquisition process; it is the basic building step to expert system creation. In this process the developers of expert system often called knowledge engineers working with domain experts−(experts who posses expertise in specific subject area), and other sources of knowledge, to collect knowledge in to computer format. The literature describing the knowledge acquisition is a greatest bottleneck in the expert system development process. There are various reasons due to which it becomes such a difficult activity. Ref [11] and [14] described a set of problems that may occur during the process; the major difficulties are:
• Problem is not fully defined.
• Knowledge engineers have lack of knowledge about problem background.
• Maximum number of participants involved.
• Expert may lack of time or unwilling to cooperate.
• Method of knowledge acquisition may be poorly defined.
• Problematic interpersonal communication factors may exist between the knowledge engineers and the experts, etc.
A. Knowledge Acquisition Techniques
Knowledge acquisition techniques are the methods through which expertise can be captured from knowledge sources, these sources may be human experts, books, journals, data bases, reports, others computer system. Literature study reveals that there exist a number of knowledge acquisition techniques; Interview, observation analysis, protocol analysis, case study analysis, questionnaire, simulation and prototyping [1, 12, 15] . These techniques can be used according to the situation, need, nature of problem, and domain experts. If the domain experts are easily accessible, then interview is the best technique. If the expert do not have free time and are far away from access of knowledge engineers then questionnaire may be used. Similarly, if the target problem is complex, multiple techniques can be used.
III. APPROACH
Problem identification, selection of domain experts, selection of knowledge acquisition technique, designing a questionnaire, analysis the experts' opinions, and assigning weights to the evaluating criteria, are the important steps of knowledge acquisition process. The whole knowledge acquisition process detail is following:
A. Problem Identification
The first step in knowledge acquisition process was to identify the critical factors that affect the teachers' performance directly or indirectly. Blank ACR (Annual Confidential Reports) of various institutions, criteria of various awards designed by HEC (Higher Education Commission), Pakistan, and views of various researchers were given due consideration during development of the questionnaire.
Literature study reveals that research has been conducted on different aspects of employees' performance efficacy. As teachers are a type of workforce in educational institutions, but with different jobs description from others employee; thus there should be different criteria for their evaluation. A number of research works conducted in quality of teachers, teachers' assessment, teachers' training etc. Ref [10] described that quality of teacher is a key in any education system, he also highlighted the reasons behind the low quality of teaching that are, low educational qualification, teaching practices, nonexistence of proper monitoring system or effective supervision. Ref [9] stated that teacher must contain aspects like effectiveness in teaching, teaching methodology, educational psychology, use of audio-visual aid, evaluation techniques etc.
Ref [5] has worked on the use of student achievement scores as basis for assessing teachers' instructional effectiveness; test scores of students are used as a measure of not only student achievement, but also of teacher achievement, performance and effectiveness. HR (Human Resource) practices (selection, training, promotion, pay etc.) have a direct impact on employee skills, motivation, job design and work structures, also these variables draw out certain levels of creativity, productivity and discretionary effort, which has an impact on profitability and growth, which have a direct impact on the organization' market value [16] . There are positive relationships between compensation, promotion, and evaluation practices impacting employees' and university teachers' performance [2, 13] . Motivation theories raised needs and satisfaction of individual worker, including needs such like food, drink, sleep, and sex, and on a higher plane, things such as security, love, status, recognition, self-respect, growth, accomplishment etc. factors such as supervision, relationship with supervisor, work conditions, salary, company policy and administration all impacting the organization climate and individual performance [4, 8] . Since teachers are a type of employees, who also require motivations to teach better, thus these theories are also considered for preparing teachers evaluation criteria. Thus a comprehensive set of attributes have been extracted from literature review, which have been cited as important to the workforce performance in organizations.
B. Selection of Domain Experts
After determination of the target problem's characteristics and specification domain knowledge areas, the next task was to choose the domain experts who posses a vast knowledge and expertise of the problem domain. In this step the questionnaire was evaluated by domain experts so that it may become a framework for assessment of teachers' performance evaluation. The most important and critical component of the expert systems is the knowledge base: collection of expert knowledge; the human experts are the main source of this knowledge [7] . Due to the nature of the problem domain, experts for selection of decision making parameters were chosen from the fields of education, psychology, and human resource management. That is why professors, senior academicians, and researchers in the field of education, psychology, and human resource were chosen as domain experts for evaluation of the critical factors for decision making. These experts were traced in the 124 (67 public sectors and 57 private) universities of Pakistan. We found 102 domain relative experts along with other relevant information about their qualification, contact address, area of interest, and work experience. Table I , depicts the characteristics of the domain experts.
C. Selection of Knowledge Acquisition Technique
To acquire knowledge from domain experts, the knowledge engineers needs some techniques to use, which works as tool and support the knowledge engineers in the process of knowledge acquisition. Literature study reveals that there are number of techniques exist for acquiring knowledge from domain experts like interview, questionnaire, protocol analysis, psychological scaling, and card sorting etc [1, 11, 12, 15] . 
Selection of these experts is based upon; the nature of target problem, skills and experience of knowledge engineers, availability and accessibility of domain experts. Details study of each and every technique is beyond the scope of this paper; however many articles are available in literature of knowledge acquisition techniques. By determining the nature of the problem, its major characteristics, availability and accessibility of domain experts, it was decided to use questionnaire as a tool for acquiring knowledge.
D. Design and Distribution of Questionnaire
The purpose of this questionnaire is to solicit experts' opinion on given criteria that have been extracted from different documented sources to develop standard criteria which posses all the factors that can affect teachers' performance in higher education institutions. A questionnaire was designed with 15 groups of factors for evaluating teachers' performance. These factors were extracted from different sources as discussed in section 3. Initially there were 107 sub factors relevant to the main factors. As almost the entire questionnaire contain qualitative attributes, which are difficult to measure as like numeric variables' value. Therefore, a technique developed by Zadeh, [17] called fuzzy logic was used. Five fuzzy variables scales have been defined as: 5= critically important, 4= important, 3= helpful, 2= minimally affects, 1= do not affect teachers' performance, which represents a gradual transition from high to low affects on teachers' performance by the various factors in questionnaire (See APPENDIX-I for details).
The questionnaire was designed in such a way that the respondents have to rank the importance of each factor regarding its objective. All the respondents were asked to give suggestions about to change existing factors, delete irrelevant factors, insert new factors, and move one sub factor from one main factor to other as per their importance and relevancy. This ranking of factors was also critical in determining the weights for the various factors influencing the decision making process for individual teacher's performance. Total 87 questionnaires were distributed among these experts due to their availability. Table II , depicts the summary of questionnaire distribution. A maximum of two months time was allowed to send their expert opinions.
E. Analysis and findings
Only from 25 valuable experts opinions were received well in time (see Table II ). After receiving the experts' responses, many experts were again contacted to clarify the respondents' comments and fully elicit the available expertise. Due consideration was given to expert opinions and a questionnaire of questions was finally designed. The experts' modification and their comments were considered and a final set of 15 groups of factors with 99 sub factors was prepared.
Statistical analysis presents that personal abilities and teaching learning process are the most important among the rest of the criteria for evaluating teachers' performance, the administrative skills, responsibilities & punctuality factors, compensation & rewards factors, and the job security & Environment factors showed a nearly similar importance. Promotion factors, research, professional ethics, and supervision also resulted in group of high values in teaching performance. The achievement, organization evaluation policy, needs, and background factors showed enough affects but lower than the others top factors. 
IV. CONCLUSIONS AND FUTURE RECOMMENDATION
A complete knowledge acquisition process has been adapted to the problem for evaluating teachers' performance in higher education by using the questionnaire as a knowledge extraction tool, as shown in Fig. 1 . A set of criteria have been developed for the evaluation of teachers' performance through this knowledge acquisition process. This criterion will be used as a base for final decision making. A summation function will be used to calculate the overall score at run time to get the result for ranking. It is also concluded that a questionnaire is the best tool for knowledge acquisition from multiple experts located in diverse locations and if difficult to access directly. Security, Vol. 2, No. 1, 2009 This approach may be used in other similar problems solutions like courses selection, supervisor selection, courses design, and employee assessment. 
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